Regulatory properties and cellular redistribution of zinc during macrophage differentiation of human leukemia cells.
Many proteins require the binding of trace metals such as Ca, Fe, Cu, or Zn, which may modulate their structure, function, or activity. To determine if there were any overall changes in metalloprotein distribution or metal concentration during the process of macrophage differentiation we induced human myeloid HL-60 leukemia cells with phorbol 12-myristate 13-acetate (PMA) and quantitatively mapped their metal content using hard X-ray fluorescence micro-analysis. We found a transient increase in the zinc content of HL-60 cell nuclei during the early stages of differentiation induction. This finding was confirmed by spectrofluorometry in HL-60 cells and extended to U-937 leukemia cells. A role for protein kinase C-beta (PKC-beta) in this process was established by examining zinc content in an HL-60 variant, HL-525, which is PKC-beta deficient, and in HL-525 cells in which PKC-beta was restored by stable overexpression. Chemical chelation of both Cu and Zn served to inhibit macrophage differentiation in HL-60 cells, indicating a requirement for these metals during this process. Finally, we demonstrate that growth of HL-60 cells in a low-zinc environment removes their susceptibility to PMA-induced differentiation, and that this capacity can be partially restored by the addition of exogenous zinc.